The aim of this study was to screen for retinopathy of prematurity (ROP) in southwestern China and understand the prevalence and risk factors of ROP, which may provide evidence useful in the prevention and treatment of ROP. Material/Methods: 1864 preterm infants (gestational age of <37 weeks and birth weight of £2500 g) underwent ROP screening from January 2009 to November 2012 in Southwest China. The medical information of infants during perinatal period was reviewed, and risk factors of ROP were determined. A total of 1614 infants were recruited for final analysis.
Background
Vision is crucial for the life of humans. Poor vision and blindness may cause difficulties in learning, living, and working and is a heavy burden for family and society. Although the number of blind children is low, the proportion of blind children is as high as 20% in blind persons after adjustment for disabilityadjusted life years (DALYs) [1] . Thus, the control of blindness in children is considered a high priority by the World Health Organization's (WHO's) VISION 2020 -The Right to Sight program [2] . In about 6-8% of blind children, retinopathy of prematurity (ROP) is the major cause of blindness, and it is a main cause of blindness worldwide. ROP-induced vision impairment or blindness significantly impairs the quality of life of preterm infants [3] . In recent years, with the development of perinatal science and newborn technology, the survival rate of very low birth weight children is increasing significantly. ROP is considered an important cause of blindness in developed countries. In developing countries, increasing attention has also been paid to ROP [4] . Thus, it is imperative to investigate the epidemiology of ROP, aiming to reduce the incidence of ROP-induced vision injury and blindness.
In most countries, the prevalence of ROP has been surveyed. It was reported that the prevalence of ROP was 15.6% in the USA [5] , 36.1% in Germany [6] , 36.4% in Sweden [7] , 29.2% in Singapore [8] , 8 .5% in Iran [9] , and 18.2% in Brazil [10] . The significant difference in the prevalence of ROP among these countries suggests that the race, geographical region, country, degree of social and economic development, and medical level are factors influencing the incidence of ROP. In China, the prevalence of ROP was surveyed in Beijing [11] , Shanghai [12] , Guangzhou [13] , and Shenzhen [14] . However, these cities are capitals and are located in the economically developed coastal areas. Thus, these data fail to represent the actual prevalence of ROP in China. As compared to economically developed areas such as Beijing and Guangzhou, western China is underdeveloped, and few studies have been conducted to investigate the prevalence of ROP in these areas [15] . In the present study, the prevalence of ROP was investigated in western China. Our findings may provide evidence for studies on ROP in western China, and present theoretical evidence for understanding the prevalence of ROP in China, which are beneficial for formulating government policy to assure prenatal and postnatal care and to increase the quality of life.
In terms of risk factors of ROP, studies on ROP focus on infants who are low birth weight and low gestational age [7, 8, 16] , and the problems during gestation and after birth are less reported. Accordingly, to avoid risk factors, we investigated the risk factors of ROP other than low birth weight and low gestational age.
Material and Methods

General information
A total of 1864 preterm infants received retinal screening for ROP in the Department of Ophthalmology of Affiliated Children's Hospital of Chongqing Medical University from January 2009 to November 2012. These infants were from western China. Preterm was defined as gestational age of <37 weeks in the Textbook of Pediatrics (Second Edition) [17] . We found that larger preterm infants with gestational age over 28 weeks or birth weight more than 1500 g were also diagnosed with severe ROP (12 cases of pre-threshold type 1 or threshold ROP in total), when analyzing all the data collected. Thus, preterm was defined as gestational age of <37 weeks and birth weight of £2500 g in this study. We recruited 1614 preterm infants into this study.
Inclusion criteria: 1) gestational age <37 weeks and birth weight £2500 g; 2) the parents or legal guardians agreed with screening for ROP; 3) refracting media had no turbidity and fundus image was clear; and 4) the medical information was complete and reliable.
Exclusion criteria: 1) gestational age ³37 weeks or birth weight >2500 g; 2) the parents or legal guardians refused infant screening for ROP; 3) the refracting media were turbid due to congenital cataract, intraocular hemorrhage, or other diseases, and the fundus image was blurred; and 4) the medical information was incomplete (children with incomplete medical information were enrolled for calculation of overall prevalence, but not for analysis of ROP risk factors).
Ethics statement
The ethics committee of Children's Hospital of Chongqing Medical University approved this study.
Time of screening
The initial screening was done at 4-6 weeks after birth or the corrected gestational age of 32 weeks.
Frequency of follow-up and end points 
Instrument for screening
For screening, we used a digital wide-field ocular fundus imager (RetCamII; Massie Research Laboratories, USA) and binocular indirect ophthalmoscope (HEINE OMEGA180, Germany).
Methods for screening 1. Pupil dilation: One hour before examination, eye drops containing 0.5% tropicamide and 0.5% phenylephrine hydrochloride (Santen Pharmaceutical Co., Ltd., Japan) were used to dilate both pupils once every 5-10 min (a total of 2-3 times). At the same time, the lacrimal sac was pressed to avoid the discharge of eye drops via the nasolacrimal duct.
2. Fundus examination: an eye speculum was used to keep the eye open, followed by surface anesthesia with 0.4% hydrochloric oxybuprocaine eye drops (Santen Pharmaceutical Co., Ltd., Japan). Then, a fundus examination was done using an indirect ophthalmoscope, with a scleral device and +20.00D aspheric, and images were captured with the RetCamII system. Examination was done first in the right eye and then in the left eye, and attention was paid to the temporal retina.
Once the ROP of both eyes was classified at different stages, results were recorded independently. Once ROP was present in 1 eye, ROP was recorded for calculation of prevalence of ROP. The eye with more severe ROP was recruited for staging of ROP. Once infants had received laser photocoagulation before admission and laser spots were observed, ROP was classified as threshold ROP. Screening was done in the presence of neonatologist physicians who closely monitored the conditions of infants. If necessary, heart rate, breathing, and oxygen saturation were monitored. 
Collection of risk factors
Results
Characteristics of subjects
From January 2009 to November 2012, a total of 1864 preterm infants received retinal examination for screening of ROP in the Department of Ophthalmology of Children's Hospital of Chongqing Medical University. According to the inclusion criteria and exclusion criteria, 1614 were recruited, including 898 males (55.6%) and 716 females (44.4%) (M/F: 1.25:1). Among these infants, there were 459 hospitalized patients (28.4%) and 1155 subjects without hospitalization (71.6%). The demographics, gestational age, and birth weight are shown in Table 1 .
Prevalence of ROP
According to the criteria for screening, 1614 subjects were included, of whom 206 were diagnosed with ROP. The overall prevalence of ROP was 12.8% (206/1614). All the subjects were divided into total population (n=1614), non-hospitalized patients (n=1155) and hospitalized patients (n=459). Additionally, 245, 356, 467, and 546 subjects received diagnosis of ROP in 2009, 2010, 2011, and 2012, respectively.
The change in the prevalence of ROP in different populations is shown in Figure 1A . The prevalence of ROP was the highest in hospitalized patients, followed by total population, and nonhospitalized patients had the lowest prevalence. This trend was obvious in 2010 (x 
Correlation between gestational age and ROP
On the basis of complications, these preterm infants were divided into different gestational age groups. Then, the prevalence of ROP was calculated among these groups.
As shown in Figure 2 and Table 2 , the prevalence of ROP was 41.2%, 27.5%, 12.7%, 6.4%, and 2.6% in subjects with =157.27, P<0.001): the lower the gestational age, the higher the prevalence of ROP was. As shown in Table  3 , a significant difference was noted in the prevalence of ROP among subjects of different gestational ages.
Correlation between birth weight and ROP
On the basis of birth weight, infants were divided into different birth weight groups. As shown in Figure 3 and Table 4 , the prevalence of ROP was 64.0%, 24.0%, 10.0%, and 3.0% in preterm subjects with birth weight of £1000 g, 1000-1500 g, 1500-2000 g, and 2000-2500 g, respectively. A significant difference was noted in the prevalence of ROP among these groups (x 2 =137.879, P<0.001): the lower the birth weight, the higher the prevalence of ROP was. As shown in Table 5 , significant difference was noted in the prevalence of ROP among subjects of different birth weights.
Risk factors of ROP
ROP risk factors (neonatal and maternal factors) of were assigned values, followed by univariate analysis and logistic regression analysis (Tables 6 and 7 ).
As shown in Table 6 , among these risk factors, the neonatal factors of gestational age, birth weight, total days of oxygen supplementation, days of mechanical ventilation, ARDS, intracranial hemorrhage, hypoproteinemia, anemia, oxygen supplement, blood transfusion, vasoactive substances, and pulmonary surfactant were related to ROP (P<0.05). Other neonatal factors were not associated with ROP (P>0.05). Maternal factors including maternal age, pattern of delivery, gestational hypertension, premature rupture of membranes, amniotic fluid abnormalities, fetal distress, placenta previa, abruption, gestational cholestasis, pregnancy anemia, colds, and medications (dexamethasone, penicillin, or tocolytic agents) were not associated with ROP (P>0.05).
As shown in Table 7 , among these risk factors, low gestational age, low birth weight, total days of oxygen supplementation, and myocardial injury were risk factors closely related to the occurrence of ROP (P<0.05). The other factors were not related to ROP.
Discussion
In the present study, severe ROP was usually found in preterm infants with gestational age of >28 weeks or birth weight of >1500 g (12 patients with threshold ROP or pre-threshold Stage 1 ROP). Once ROP was not identified in these patients, ROP might cause blindness. Thus, criteria from other countries are not applicable in China. In China, the Guidelines for Therapeutic Application of Oxygen and Prevention and Therapy of Retinal Lesions in Preterm Infants were developed in 2004 and used for screening of ROP [24] . On the basis of this definition and Chinese criteria developed in 2004, screening was done in subjects with gestational age of <37 weeks and birth weight of £2500 g. This study was conducted to validate the Chinese criteria and provide evidence useful in improving these criteria. The criteria for screening of ROP are developed according to the incidence of ROP and risk factors of ROP. Better criteria for screening can save medical resources, reduce medical risk, and reduce the incidence of mis-screening. Currently, there is no consensus on the criteria for screening of ROP. In the USA, screening is performed in infants with birth weight of <1500 g or gestational age of <28 weeks [20] ; in the UK, screening is done in infants with birth weight of <1500 g and/or gestational age of <31 weeks [21] ; in Canada, screening is conducted in infants with birth weight of <1500 g or gestational age <30 weeks [22] ; and in Germany, screening is done in infants with birth weight of <1501 g and/or gestational age of <32 weeks [23] .
Presence of a pre-threshold lesion is an indication for initial laser therapy and cryotherapy [24, 25] . With the introduction of the "pre-threshold lesion" concept, studies found that laser therapy and/or cryotherapy conducted within 48 h can significantly improve the poor prognosis in infants with pre-threshold type 1 ROP, thus early intervention is recommended for patients with pre-threshold type 1 ROP [26, 27] . In the present study, 6 eyes of 3 patients with threshold ROP and 24 eyes of 12 patients with pre-threshold type 1 ROP received laser therapy or cryotherapy. Other patients with ROP were closely followed up by fundus examination -retinal hemorrhage, macular traction, and retinal detachment were not found (i.e., only 7.3% [15/206] of ROP patients required surgical intervention), which was consistent with the above findings.
The prevalence of ROP varies among races, geographical areas, countries, survival rate of neonates, and level of perinatal care. In the present study, the overall prevalence of ROP was 12.8%, which was lower than that in Germany 36.1%) [6] , Sweden (36.4%) [7] , and Singapore (29.2%) [8] , but comparable to that in developing countries, including Iran (8.5%) [9] and Brazil (18.2%) [10] . This may be attributed to the advanced technology in developed countries, and the survival rate of preterm infants with low gestational age and/or very low birth weight is high, which leads to a high incidence of ROP. However, in developing countries, the perinatal care is imperfect and the survival rate of preterm infants with very low birth weight is at a low level, which leads to a low incidence of ROP. In addition, we postulate that the late starting of retinal screening in developing counties, which may cause missed diagnosis of ROP. In the present study, the incidence of ROP in hospitalized infants was higher than that in nonhospitalized infants. This may be because hospitalized infants had shorter gestational age, lower birth weight, more severe diseases, and more concomitant complications than did nonhospitalized infants. In 2009, this difference was not apparent. It might be because fewer of these cases were collected in 2009 compared to other years. The sample size in our future studies should be expanded, in order to make the samples more equal. From 2009 to 2012, the incidence of ROP remained unchanged, which may be related to the short 4-year time span, thus the survival of preterm infants with very low birth weight remained relatively stable. In addition, the collection of subjects had good equality, and thus the prevalence of ROP remained stable.
Although the pathogenesis of ROP remains poorly understood, premature delivery and low birth weight are widely accepted as risk factors [7, 8, 16 ] negatively related to the occurrence of ROP. The lower the gestational age, the more immature the retinal development is and the wider the avascular regions are.
Under this condition, the extra-uterine hyperoxic environment may cause damage to the vascular endothelial cells of retinal vessels, resulting in ROP [28] . Our findings fit this hypothesis.
In preterm infants, the development of organs is immature, and the immature retinal vessels are extremely sensitive to oxygen. Prolonged oxygen supplementation, high inspired oxygen concentration, and high arterial oxygen partial pressure may significantly increase the incidence and severity of ROP [29] . Some investigators propose that the occurrence of ROP is related to relative hypoxia: rapid discontinuation of oxygen supplementation after administration of oxygen at a high concentration may cause relative hypoxia, which promotes the occurrence, suggesting that the fluctuation of arterial oxygen partial pressure plays an important role in the pathogenesis of ROP [30] . Although the concentration of oxygen is determined according to Chinese Guidelines [26] , but results of the present study indicate that total days of oxygen supplementation is an independent risk factor of ROP. This suggests that standardized oxygen supplementation, strict control of indications for and duration of oxygen supplementation and avoidance of repeated oxygen supplementation are important for preterm infants with low birth weight. Other investigators propose that patterns of oxygen supplementation are also closely related to ROP. There is evidence showing that the incidence of ROP in subjects receiving CPAP or mechanical ventilation is higher than that in subjects receiving oxygen supplement via nasal tube or mask [8] . In the present study, our results showed the patterns of oxygen supplementation had no influence on the incidence of ROP, and days of mechanical ventilation are not an independent risk factor of ROP. However, this needs further study in future investigations because the duration of oxygen supplementation was calculated in the form of days, which is relatively rough (oxygen supplementation for 1-24 h per day was used to define 1 day of oxygen supplementation). This also applies to mechanical ventilation and other patterns of oxygen supplementation, and may fail to accurately reflect the duration of oxygen supplementation.
To date, few studies have been conducted to investigate the correlation between myocardial injury and ROP. There is evidence showing that perinatal hypoxia can cause myocardial injury [31] . In the present study, our results showed myocardial injury was an independent risk factor of ROP. This may be related to the following factors: 1) The organs of preterm infants have immature development and the myocardial contraction and dilation are still imperfect, which may cause the susceptibility to myocardial injury. In addition, hypoxia and acidosis may directly cause damage to myocytes and energy metabolism disorder of myocytes, resulting in myocardial injury.
2) Preterm infants are susceptible to concomitant congenital heart diseases (e.g., patent ductus arteriosus [PDA]) [32] . The above factors may cause reduction in cardiac output and deteriorate hypoxia in tissues, including the retina, which further promotes the occurrence of ROP.
In the present study, univariate analysis showed myocardial injury was not a risk factor of ROP, but logistic regression analysis revealed it was a risk factor. Univariate analysis showed that encephalopathy in preterm infants was a risk factor of ROP, but logistic regression analysis showed it was not a risk factor. This is because multiple factors influence the occurrence of ROP in univariate analysis, which reflects not only the influence of a specific factor, but also the indirect influence of other factors. However, in multivariate analysis, the influence of other factors is excluded, which makes the results more reliable. There is evidence showing that preterm infants with low birth weight have high risk for hypoxic myocardial injury, and the incidence of myocardial injury in infants with low birth weight is significantly higher than that in infants with normal birth weight [33] .
Our study has some limitations. The calculation of duration of oxygen supplementation was not precise. In our future study, the duration of oxygen supplementation will be calculated on the basis of hours (not days) of oxygen supplement, and the influence of mechanical ventilation with oxygen and other patterns of oxygen supplementation will be further studied.
